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Power Flow Analysis for Manufacturing of Planetary Gears in an
8-speed Automatic Transmission (II): 4-8 Speeds
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ABSTRACT

The power flow of an 8-speed automatic transmission was analyzed using a lever analogy for the
manufacturing of planetary gears. From the analysis, we found that the engine power was split between the
first and second double-pinion planetary gears (DPPG1 and DPPG2), and was then passed to the DPPG3 for
the fourth speed. For the fifth speed, the engine power was split between the DPPG1 and DPPG3. For the
speeds 6-8, the engine power was passed only to SPPG2, while the seventh speed contained the power
circulation.

Key Words : Automatic Transmission(A+S#Z7]), Powertrain(ZFe E2121), Planetary Gear(7437]01),
Power Flow(&2 S&), Lever Analogy(2llt{5l4])
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Fig. 1 Structure of 8-speed automatic transmission

Table 1 Operation table of 8-speed automatic transmission
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(a) Torque lever model of DPPG1 model

(b) Speed lever model of DPPG1 model

Fig. 2 Lever model of DPPG1 for the 4th speed
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T :7272 L (7 Table 3 Planetary gear ratios
p Gear ratio of DPPG1, Z,/Z,, 2.1587/1
T,= Z” " ®) Gear ratio of SPPG2, Z.,/ Z,, 2.1742/1
; . Gear ratio of DPPG3, Z,.4/ Z,, 24670/ 1
r3 s3
T = A Ty ©)
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Z
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(a) Torque lever model of SPPG2 model
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(b) Speed lever model of SPPG2
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(c) Torque lever model of DPPG3 model
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(d) Speed lever model of DPPG3

Fig. 3 Lever models of SPPG2 and DPPG3 for
the 4th speed

Table 2 Engine operation point

Engine torque, 7, 100 Nm

Engine speed, w, 100 rad/sec
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Table 4 Torque, speed and power of 4th speed

Carrier torque of DPPG1, T, 53.7 Nm
Carrier speed of DPPG1, w,,; =w, [ 100.0 rad/sec
Ring gear torque of DPPG1, T, -99.9 Nm
Ring gear speed of DPPG1, w,, 53.7 rad/sec
Sun gear torque of SPPG2, T}, 46.3 Nm
Sun gear speed of SPPG2, w,, 100.0 rad/sec
Carrier torque of SPPG2, T, -146.9 Nm
Carrier speed of SPPG2, w,,, =wys || 78.3 rad/sec
Ring gear torque of SPPG2, T, 100.6 Nm
Ring gear speed of SPPG2, w,, =w,.q{| 68.3 rad/sec
Sun gear torque of DPPG3, T, 99.9 Nm
Sun gear speed of DPPG3, w4 53.7 rad/sec
Carrier torque of DPPG3, T, 146.9 Nm
Carrier speed of DPPG3, w.,» =wg3|| 78.3 rad/sec
Ring gear torque of DPPG3, T, -247.0 Nm
Ring gear speed of DPPG3, w,, =w,{ 68.3 rad/sec
Output torque, 7, -146.4 Nm
Output speed, w, = w,; = w,3 68.3 rad/sec
Carrier power of DPPG1, T, X w,,|l 5373.4 W
Ring gear power of DPPG1, T, X w,4|| -5361.2 W
Sun gear power of SPPG2, T, X wy,| 4626.6 W
Carrier power of SPPG2, T, X w, | -11499.0 W
Ring gear power of SPPG2, T, X w,| 68723 W
Sun gear power of DPPG3, T3 X ws| 5361.2 W
Carrier power of DPPG3, T . X w4 11499.0 W
Ring gear power of DPPG3 T, X w4 -16872.3 W
Output power, T, X w, -10000.0 W
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Fig. 4 Power flow of 4th speed
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Fig. 5 Lever model of Sth speed
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Table S Torque, speed and power of Sth speed T, —— Z T (18)
Carrier torque of DPPG1, T, 26.8 Nm 7 212 "
Carrier speed of DPPG1, w,; =w, [ 100.0 rad/sec 2y~ 2y
Ring gear torque of DPPGI, T, -49.9 Nm o Z . (1
Ring gear speed of DPPGI, w,, | 53.7 rad/sec T,+T,;=0 (20)
Sun gear torque of DPPG3, T, 49.9 Nm W, =Wy 1)
Sun gear speed of DPPG3, w,, 53.7 rad/sec 7,7,
Carrier torque of DPPG3, ng 73.2 Nm w3 = Tz $3 (22)
Carrier speed of DPPG3, w,,; 100.0 rad/sec 7
Ring gear torque of DPPG3, T, -123.1 Nm T,= 273 T (23)
Ring gear speed of DPPG3, w,, 81.2 rad/sec *
Output torque, T}, -123.1 Nm
Output speed, w, =w,; 68.3 rad/sec Wy = Z,'ngzg (w—w.)+w (24)
Carrier power of DPPG1, T, Xw. [ 2679.0 W 3
Ring gear power of DPPG1, T, Xw, | -2679.0 W T,=T; 25)
Sun gear power of DPPG3, T3 X ws|  2679.0 W W, = W3 (26)
Carrier power of DPPG3, T, . X w 5| 7321.0 W
Ring gear power of DPPG3, T, X w4 -10000.0 W 2 AES HEoE FHEE JNE AT F
Output power, T, X w, -10000.0 W Atk 2183} Zo] Table 2 ~ 45 ©]&3te] 5T
A AgHE 7 f4710l ahe Ea, £ B
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Fig. 7 Lever model of 6th speed

Table 6 Torque, speed and power of 6th speed

Sun gear torque of SPPG2, T, 46.0 Nm
Sun gear speed of SPPG2, w,, 100.0 rad/sec
Carrier torque of SPPG2, T, 54.0 Nm
Carrier speed of SPPG2, w,,, 100.0 rad/sec

Ring gear torque of SPPG2, T, -100.0 Nm
Output torque, T, =T, -100.0 Nm
Output speed, w, = w,, = w,; 100.0 rad/sec
Sun gear power of SPPG2, T, X w,, | 4599.4 W
Carrier power of SPPG2, T, X w,, 5400.6 W
Ring gear power of SPPG2, T, X w,f -10000.0 W
Output power, T, X w, " -10000.0 W
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Fig. 8 Power flow of 6th speed
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T — 2 36 Table 7 Torque, speed and power of 7th speed
rl Z _ Z1 ( )
P " P ’ Carrier torque of DPPG1, T, -20.4 Nm
W, = le L, (37 Carrier speed of DPPG1, w,; =w, | 100.0 rad/sec
" Ring gear torque of DPPGI, T, 37.9 Nm
T,+T,=0 (3%) :
Ring gear speed of DPPGI, w,, || 53.7 rad/sec
Wr1 = Wa (39) Sun gear torque of SPPG2, T, -37.9 Nm
_ Zot+ 2, (40) Sun gear speed of SPPG2, w,, 53.7 rad/sec
ca2 52
Zo Carrier torque of SPPG2, T, 120.4 Nm
7 :
T, - 2o @1 Carrier speed of SPPG2, w,,, 100.0 rad/sec
Zot 2, Ring gear torque of SPPG2, T, -82.4 Nm
T,=T, (42) Ring gear speed of SPPG2, w,, 121.3 rad/sec
Zpy+ 7 Output torque, 7, =1T,, -82.4 Nm
Wro VA ( e wrl) +wr1 (43) 0 — —
o utput speed, w, = w,, = w,3 121.3 rad/sec
W, =W,y (44) Carrier power of DPPG1, T, X 20352 W
Ring gear power of DPPG1, T, Xw,| 2035.2 W
Sun gear power of SPPG2, TS2 Xwgl -20352 W
Carrier power of SPPG2, T, X w,,| 120352 W
IT51 T'll T“all Ring gear power of SPPG2, TT2 X w4 -10000.0 W
Su‘n‘i*-_.___zrl ~ Ringi-z., —€arrierl Output power, T, X w, -10000.0 W
(a) Torque lever model of DPPG1 B1 B2
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(b) Speed lever model of DPPG1
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Fig. 9 Lever model of 7th speed
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Fig. 11 Lever model of 8th speed Fig. 12 Power flow of 8th speed
Table 8 Torque, speed and power of 8th speed
We = Weg2 (46)
Sun gear torque of SPPG2, T, -31.5 Nm
Sun gear speed of SPPG2, w,, 0 rad/sec gthol A FWMELE Fig. 119 =ASIETE o] =
Carrier torque of SPPG2, T, 100.0 Nm W RS uko g olje} B B ¥ £E2S
Carrier speed of SPPG2, w,,, 100.0 rad/sec T 7 At
Ring gear torque of SPPG2, T, -68.5 Nm
Ring gear speed of SPPG2, w,, 146.0 rad/sec Lo = % " (47)
Output torque, T, =T, -68.5 Nm *2
Z,
Output speed, w, =w,y 146.0 rad/sec T.,=— ﬁ T..o (48)
Sun gear power of SPPG2, T, X w4 0w e
T,=1T, 49
Carrier power of SPPG2, T, X w9 10000.0 W ° )
Ring gear power of SPPG2, TT2 Xw4 -10000.0 W W,y = Zix + 2 W (50)
T Z‘ €
Output power, T, X w, -10000.0 W "2
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